Since the coexistence of cis (1) and trans (2) 0 /H 0 \%-f-isomers of secondary amides was demonstrated by 2-N, / \H Russell and Thompson1 the conformational iso-
merism of the amide group has been the subject of many spectroscopic studies.2 There has also been widespread interest in the self-association of N-methylacetamide, which is predominantly trans,l into linear hydrogen-bonded chains.3 The self-association of cis amides has only motivated one study,4 in which Bhaskar and Rao compared the hydrogen bonding properties of hr-methylacetamide with those of N-phenylurethane, which was presumed to be 95% cis.1 Their failure to observe any clear-cut difference between the hydrogen bonding behaviour of the two amides is readily explained by revised spectroscopic and theoretical data, which show that N-phenylurethane actually exists as the trans isomer.5~6 Indeed, no noncyclic secondary amide is known to occur exclusively in the cis form, but there are several for which the cis and trans isomers coexist in significant proportions. The self-associations of two of these, formanilide and o-methylformanilide, have been investigated in CC14 using infrared spectroscopy. The fundamental nonbonded V N H bands of secondary amides occur at 3400-3440 and 3430-3470 cm-1 for the cis and trans isomers respectively,l and bonded N-H stretching peaks are observed near 3080 and 3200 om-1 (cis) and 3300 cm-1 (trans) in related compounds.2 The infrared spectrum of o-methylformanilide, which has been interpreted by Siddall et a1.,7 has peaks in each of these regions, but as the concentration is lowered the bonded V N H peaks due to cis association persist after the corresponding trans peak vanishes.
SHORT COMMUKICATIONS
The trans population also remains effectively monomeric despite cis association in dilute solutions of formanilide, so that for both compounds it is possible to study the hydrogen bonding of cis isomers directly.
Furthermore, since cis association at these conoentrations is presumably limited to the formation of cyclic dimers rather than trimers or linear chains, the total concentration of amide is given by where Cc and Ct are the cis and trans monomer concentrations and Kd is the association constant for cis dimerization. The monomer conoentrations are also related by an isomerism constant
If intrinsic intensity E is assumed192 to be the same for the nonbonded V N H peaks of both isomers, Ki may be determined directly from their measured absorbances A t and A,. Also, because both N-H groups are bound in the cyclic cis dimer where 1 is the cell path length. Substituting equations (2) and (3) 
Experimental
Formanilide and o-methylformanilide were purchased from K&K Laboratories, Plainview, N.Y., and recrystallized from carbon tetrachloride, which was also chosen as solvent for the spectral studies. Spectroscopic quality carbon tetrachloride was purchased from Mallinckrodt Chemical Works, St. Louis, Mo. Spectra were recorded by slow scanning with a Perkin-Elmer 621 speotrophotometer using cells of 1 cm path length. The ambient temperature was 20& 1°C, and the cell compartment was flushed with 6Oft3 of dry air per hour. The temperature inside the cell a t thermal equilibrium was not determined.
Results and Discussion
For both eiiiides spectra were taken at i8 concentrations in the range 0.002-0 . 0 2~, with absorbance values between 0.15 and 0.8. The absorbance scale was verified by comparison of peak intensities in the V~H band with total amide concentration (standard deviation <2%). The measured absorbance of the cis VN= peak of o-methylformanilide is plotted against total amide concentration in Figure 1 . Also shown is the computed quadratic regression line (equation (4) The K d values for both amides are significantly greater than those for the initial dimerization of trans-N-methylacetamide, for which estimates range from 1 to 9 1, mol-1 at 20' in CCI4.3 In contrast to the conclusion of Bhaskar and Rao,4 the association constant is thus seen to exhibit a clear-cut dependence on the configuration of the N-H bond. This reflects a decrease in free energy associated with the formation of an additional hydrogen bond in the cis dimer. Infrared, n.m.r., and molecular weight measurements at higher concentrations are planned to provide information on cis trimerization and indefinite linear association of both cis and trans isomers.
